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(57) Abstract: A comtnuracation system comprising a power amplifier coupled to a detector and further coupled to a Bias generator. 
The detectorcomprises a controlled ampiiricr means for generating iin output signal (Th _S), the said signal Th S being indicative for 
the power of an input signal and having a contn)llable bias level. The Bias Genen«or comprises a Level Sensitive Current Generator 
(LSCG) tor generating a current (Cc) conlroiled by the output signal Th_S. Said LSCQ has a threshold level (TL) such that when the 
output Th_S signal is lower than the TL the current Cc is substantially zero. Otherwise the current Cc is linearly controlled by the 
.signal Th_S. The Bias Generator further comprises an adapter coupled to the LSCG comprising a current conlroiled adaptingmcans 
for generating a control signal (C. S) for controlling a property of the amplifier, the control signal C S having a controllable linear 
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A obmmumcadon system and arrangements comprising such a communication system 



The invention relates to a comraunication system according to the preamble of 
Claim 1 . The invention further relates to arrangements comprising such a communication 
system. 

Communication systems are between the most frequently used systems in a 
5 very much-connected world. The perfomaance of the communication systems depends on the 
appUcations where they are used. In very high frequency applications there is a trade-off 
between the linearity and efficiency of such a communication system. Furthermore, in 
wireless^pHcations there are standards as EDGE, AMPS, UMTS that use ampUtude 
modulation arrangements. When one of the above mentioned standard is used, a very good 
10 linearity and efficiency are required. It is also preferable that communication systems have m 
the same time an as low as possible power consumption &om external sources. 



A method for reducing power consumption in a oomkntmication apparatus is 
1 5 known ftom EP-622895 Al . In this document it is presented a communication apparatus 
comprising a power ampMer. The bias voltage of the power amplifier is generated by an 
arrangement comprising a detector coupled to a Gate Bias Generator that is further coupled to 
an Adder, the detector being further coupled to a Main ConteoUer. The detector generates a 
DC signal that is proportional to the ii^ut signal in the power ampUfiCT the DC signal being 
20 further ^Ued to the Gate Bias Generator (GBG). The GBG further generates a gale bias 
voltage suitable for biasing the power amplifier. The gate bias voltage is provided to a first 
input of the adder. A control signal generated by the Main ControUer, which indicates 
whether the Main Controller transmits a signal or not, is provided at a second input of the 
Adder. When the Main Controller does not transmit a signal to the power amplifier, the 
25 power amplifier is not biased and when the Main Controller transmits a signal to the power 
amplifier then the power amplifier is biased taking mto account the signal generated by the 
GBG. A drawback of this prior art is that it is necessary to include an adder that uses a 
dedicated signal generated by the Main Controller indicating whether the power ampUfier has 
an input signal. That involves that the Main Controller has a special structure having an 
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additional connection to the Adder. A further drawback is the suppleinentary delay of the 
signal when passing through the detector, GBG and Adder. 

5 It is therefore an object of the present invention to provide a communication 

system and arrangements comprising such a communicatioh system that uses only the input 
signal in the power amplifier. 

In accordance with the invention, this object is achieved in a communication 
system according to the preamble of Claim 1 being characterized in that the detector 
10 comprises a controlled amplifying means for generating an output signal said output signal 
being indicative for the power of the input signal, the output signal having a controllable bias 
level. 

The Bias Generator comprises a Level Sensitive Current Generator (LSCG) 
for generating a current controlled by the output signal, the controllable threshold level of 

1 5 said signal beii^ adaptable to the LSCG, said LSCG having a threshold level such that when 
the output signal is lower than the threshold level the current controlled by the output signal 
is substantially zero, otherwise tiie said current being linearly controlled by the ou^ut signal. 

The Bias Generator furlher comprises an ads^ter coiq>led to the LSCG 
comprising a current controlled adapting means for generating a control signal for controlling 

20 a property of the amplifier, the control signal having a controllable linear dependency on the 
current controlled by the output signal. 

The device according to the invention has the advantage that the generator 
providing the input signal need not be adapted to gen^ate an additional signal to indicate 
whether the generator transmits a signal or not. The detector comprises amplifier means and 

25 provides at it' s output a signal that is indicative for the power of the input signal. A separate 
generator controls a bias at the output of the amplifier means and the output signal has a 
controllable bias level. The bias generator comprises a Level Sensitive Current Generator 
(LSCG) and it is characterized in that when it receives a signal below a predetermined 
threshold level it's output current is substantially zero. Otherwise the output current is 

30 substantially linearly dependent on the input signal. The Bias Generator flirther comprises an 
adapter for adapting the current generated by the Bias Generator to a power amplifier. The 
adapter comprises adapting means for generating the control signal that controls the power 
amplifier such that the dependency between the output signal and the inpnit current is 
controllable. 
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In a piefened embodmueat fhe detector comprises a controlled amplifier 
means, said controlled aomplifier means further comprising an ampMer coupled to a low-pass 
filter for amplifying fhe input signal in a controllable manner and transmitting the output 
signal. The low-pass filter realizes a supplementary filtering of high firequency components 
of the output s^nal of the amplij^nng means if Ifae filteriii^ realized by the output mypedance 
of the amplifier means and the ixspvA cs^itance of the LGSC is notlenou^ for filtering high 
firequency components of the signal or of spurious signal that could te present a* fhe input of 
LGSC. In fact, the low-pass filtering assures a substantially Direct Current (DC) signal at the 
input of LGSC. The low-pass filter can be realized in various modes as with inductors and 
capacitors, as switched capacitor filters, as transmission lines coupled to csqpacitors. In a 
preferred embodiment Ihe low-pass filter is realized with a plurality of resistors and 
capacitors. This solution is very suitable to be used in relatively very high firequency 
communication systems. 

In another embodiment of the invention the control si gnal is a vector of 
signals. This feature is usefiil when fiie power amplifier has a plurality of stages coupled in 
cascade i.e. Ihe output signal of a previous stage teing the input signal m the next stage, each 
of said stages being controlled by a comi)onent of fhe vector of signsds. 

In an embodiment of the invention an emitting systra^ comi>rises a plurality of 
communication systems as claimed in Claim 1 coupled in cascade. In this case the output 
signal of one communication system is inputted to both the next communication system and 
fhe next detector. I 

It is anoliwT object of fhe invoition to provide an arrangement comprising fhe 
communication system coi^led to a Variable Gain Amplifio:, said «trangemait having an 
improved linearity. The arrangement further comprises an ii^>ut for receiving an input signal 
having a first phase and an output for transmitttr^ an output signal having a second phase. 
The arrangement further comprises a polar indicator having a first receiving input coupled to 
the input and a second receiving input coupled to the output for geijeiatfaig a second control 
signal to be transmitted through a first transmitting output The second control signal is 
indicative for a phase difference between the first phase and the sedond phase, the variable 
gain amplifier having an input for receiving the input signal, an output and a first control 
input. The oirtput is coiqjled to the input of the communication system, said VGA being 
conceived to transmit a signal through the output represeaiting an amplification of the ii^ut 
signal under the control of the second control signal. The above described arrangement 
oom srises a x>lar indicator that !?enerates a control signal that is indicative for a phase 
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difference between the input signal in the arrangement and the output signal of the power 
amplifier. This kind of additional control of the power amplifier is provided when an 
additional linearity improvement of the ampiifier is needed. 

It is another object of the invention to provide an arrangement comprising the 
5 communication system coupled to a Variable Gain Amplifier (V GA), said arrangement 
having a improved efficiency. The arrangement further comprises an input for receiving an 
input signal having a first power and an ou^ut for transmitting an output signal having a 
second power. Ths arrangement further comprises a power indicator comprKiug a third 
receiving input for receiving the input signal, a fourth receiving input for receiving tiie output 

10 signal. The power indicator generates a third control signal through a second transmitting 
output, the third signal beii^ indicative for a power difference between the first power and a 
part of the second power. The variable gain amplifier has an input for receivmg the input 
signal, an output and a third control input. The output is coupled to the ir^ut of the 
communication system, said variable gain amplifier beu^ conceived to transmit a signal 

1 5 through the output representing an amplification of the input signal under the control of the 
third control signal. When a further improved efficiency of the power amplifier is necessary 
then the above mentioned power indicator is used. The power indicator provides at it's output 
a control signal that is indicative for the power difference between the power of the input 
signal and a part of the power of the power amplifier output signal improvmg the efficiency 

20 of the arrangement. The above and other features and advantages of the invention will be 
apparent fi^om the folio wii^ description of exemplary embodiments of the invention with 
reference to the accoiz^>anying drawings, in which: 



Fig. 1 depicts a block diagram of a communication system 1 m accordance to 
an embodiment of the present invention, 

Fig. 2 depicts in more detail the detector 20 and the Bias Generator 30, 

Fig. 3 represents a MOS-type transistor embodiment of the detector 20 and of 
the Bias Generator 30, 

Fig. 4 depicts a bipolar-type transistor embodiment of the detector 20 and of 
the Bias Generator 30, 

Fig. 5 depicts the dependency between the signal C_S and the input signal 
In_S with different initial bias voltages in one embodiment of the invention. 
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Fig. 6 depicts the dependency between the signal C_S and the input signal 
]n_S having the same threshold level but different slopes in one pieferred embodhnent of the 
invention. 

Fig. 7 depicts the arrangement 400 in a preferred embodiment of the invention. 

5 

Fig. 1 shows a block diagram of a commmiication system 1 in accordance to 
the present invention. The communication system 1 coniprises a power amplifier 10 having a 
first input II, a first ou^ut 01 and a first control input CI . The communication system 

10 further comprises a detector 20 coupled to a Bias Generator 30. The detector has a second 
input 12 and a second output 02. The second input 12 is coupled to the first input II for 
receiving an input signal In_S. The detector is conceived to provide at the second output 02 a 
signal Th_S \rfiich is indicative for a power of the iaput signal In_S, the signal Th_S having a 
controllable bias level. The Bias Generator (EG) 30 comprises a third input B and a third 

15 output 03, the tiiird mput is coupled to the second output 02 for receiving the signal Th_S. 
The third output 03 is coupled to the first control mput CI beii^ conceived to transmit a 
signal C_S for controlling the bias of the power amplifier 10 the bias beu^ controlled such 
that when the power of the input signal In__S is relatively high the power aniplifier 10 is 
biased with a relatively high voltage such that it's linearity and the efficiency are at a 

20 relatively optimum level. When the power of the irqpiut signal In_S is relatively low the 

control signal C_S is also relatively low and tiie power amplifier 10 Is not biased, it's power 
consumption being at the lowest level possible. 

Fig. 2 depicts a more detailed description of the detector 20 and of the Bias 
Generator 30. The detector 20 comprises a controlled amplifier means 201 coiqpled to the 

25 second input 12 and the second output 02. The detector 20 ftirflier comprises a control 

generator 202 coupled to the control amplifier means 201. The control generator generates a 
signal CG_S that controls the bias level of the signal Th_S transmitted at the second output 
02. 

The bias generator 30 comprise a Level Sensitive Ciinent Generator (LSCG) 
30 301 coupled to the third input 13 for receiving the signal Th S and generating a current signal 
Cc, The LSCG 301 is characterized in that it's output current Cc is substantially linear with 
respect to the signal Th_S startmg from a threshold level. When the amplitude of the input 
s^nal Th_S is below the tlneshold level the output current is substantially zero. The Bias 
Generator 30 further comprises an adapter 302 coupled to the LSCG 301 for receivmg the 
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signal Cc. The LSCG 301 is further coupled to the third output 03 for generating the control 
signal C_S. The adapter 302 comprises means for generating a suitable bias signal for the 
power amplifier 10. For example if the bias signal is a voltage the adapter comprises a 
controllable current to voltage converter for generating a suitable bias voltage for the power 
5 amplifier such that when the signal Th_S is lower tiian the threshold level of the LSCG 301 
the said bias voltage is substantially zero and the power consumed by the power amplifier 10 
attains it's mmmuun value. Otherwise, when the signal Th_S is larger than the threshold 
level of the LSCG 301 the output voltage generated by the adaptex 302 is substantially linear 
with respect to the signal Hi^S and being adapted to control the linearity and tiie efficiency 
10 of the power amplifier 1 0 with respect to the power of the input signal In_S. 

In an analogous manner a control current can be generated with a suitable realized adapter 
302 beuig a relatively easy task for a person skilled in the art. 

Fig. 3 represents a MOS-type transistor embodiment of the detector 20 and of 
flie Bias Generator 30. The input signal In_S and fee detector 20 are considered to be 

1 5 differential but the case of single ended input signal In_S or / and single ended detector 20 
can be easily derived by a skilled person in the art The detector 20 comprises controlled 
amplifier means comprising a pair of transistors Tl and T2 having transistors T5 and T6 as 
load. The input signal In_S is anq)lified and converted into a differential current that is 
further transformed into a differential voltage by the transistors T5 and T6. The transistors 

20 T5,T6 are connected as diode i.e. they have their drain connected to their gates. It is 

observed that any current to voltage converter could be used instead of the transistors T5 and 
T6, mcluded, for example a simple resistor. The differential pair of transistors Tl, T2 is 
biased by the control generator 202 realized with the DC voltage generator Vgg. The voltage 
generated by the voltage generator Vgg serves as the control signal CG_S. The voltage CG_S 

25 Js further applied through resistors R to the gates of the transistors Tl and T2 controlling the 
bias of the pair of transistors Tl, T2. The differential output signal between the drains of the 
transistors Tl and T2 is first filtered by a low-pass filter realized with the resistors Rl and R2 
and the capacitor CI. It should be mentioned here that depending on the frequency domain of 
the amplifier the low-pass filter could otherwise be realized with inductors and capacitors, 

3 0 with switched capacitors. Furthermore for relatively very high fi-equency ranges the output 
impedance of the transistors Tl and T2 and the input capacitance of the transistor T3 could 
be sufficient for filtering the high frequency signal obtained in the drains of the transistors Tl 
and T2. The LSCG 301 is realized with the transistor T3 that, as any CMOS transistor, has a 
threshold voltage level. If the input signal Th_S is below the said threshold level the output 
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curteat through the transistor is substanttally zero. Otherwise the current in lhe drain of the 
transistor T3 is indicative for the amplitude of the input signal Th^S. The current Cc in Ifae 
drain of the transistor T3 is transformed into a voltage by ihe transistor T7, resistor R3 and 
CErpadtor C2 but any current to voltage converter could be used instead The dependency 

5 between the control signal C_S obtained in the drain of the transistoi? T3 and Ihe signal Th_S 
is a substantially linear one being characterized by an initial bias level i.e. the threshold level 
and by a slope. In Figure 5 the dependency between the control signil C_S and the mput 
signal Th_S with different initial bias voltages is presented. In Figur0 6 tiie dependency 
between the control signal C_S and the input signal In_S havii^ the same tiueshold level but 

1 0 different slopes, is presented. These dependencies of C_S to Th_S a^uld be written as in 
relations (1) and (2). 

C_S= slope*(Th_S - threshold) + initial bias; if Th_S is above the tiireshold (1) 
C_S= mitial bias; if Th_S is below the threshold (2) 

As long as the Th_S signal is smaller than the tiireshold C_S signal is the initial bias as shows 
1 5 relation (2) otiierwise the relation (1) is valid. The initial bias is detennined by an initial DC 
current flowing through the transistor T3 . Said DC current is fiirther determined by tiie Th„S 
signal. The magnitude of the initial bias is further determined by thd adapter 302 and applied 
to tiie power amphfier 10. It should be pointed out here that some of the parametral involved 
in relation (1) are controllable as follows: 
20 - the slope is controlled by the area occupied by the transistors T7 and T8, 

the initial bias is controlled by the resistors R3 and R4, 

the threshold is controlled by the control generator 202. 

In Figure 4 abipolar-type transistor embodiment of tjie detector 20 and of Ihe 
Bias Generator 30 is presented. It should be observed that the transistors having the same 
25 mdex and an accent (') have the same function as their MOS countekparts. It is further 
observed that a mixed technology inq>l€mentation of the detector 20 and of tiie Bias 
Generator 30 is also possible, e.g. the detector 20 could be realized in MOS technology and 
the Bias Generator 30 could be realized in bipolar technology and reciprocally. 

As shown in Figure 3 the control signal generated by the Bias Generator 30 
30 may be an output vector C_S having a plurality of components, here 2 components, Ql and 
Q2. This type of Bias Generator is of interest when power amplifiers with multiple stages are 
considered. Considering that tiie power amplifier is a two-staged one then tiie component Ql 
controls tiie bias of the first stage and tiie component Q2 controls tiie second stage. It is also 
^sossible to use a Bias Generator 30 like in Figure 4 that generates a vector C_S having one 



wo 03/005574 PCT/IB02/02730 

8 

component. In this situation an amplifier including multiple controlled stages could be 
realized by a cascade of communication systems (1). Therein each conununication system 
has a power amplifier controlled by a respective combination of the detector (20) and the 
Bias Generator (30). 

5 In some particular situation a further improvement of the linearity and/or 

efficiency of the power amplifier 10 may be necessary. When these requirements are 
formulated an arrangement as that presented in Figure 7 could be used. In Figure 7 the 
communication system 1 is coupled to a Variable Gain Amplifier (V GA) 5. The said 
arrangement fiirther comprises an input I_A for receiving an iaput signal Input having a first 

1 0 phase and a first amplitude and an output Out_A for transmitting an output signal P_S having 
a second phase and a second amplitude. The arrai^ement 400 further comprises a polar 
indicator 4 having a first mput PI coi]^led to the input I_A and a second input P2 coupled to 
a the output Out_A. The polar indicator 4 generates a second control signal C_Ph to be 
transmitted through a first oulput P3. The second control signal C_Ph is indicative for a phase 

1 5 difference between the first phase and the second phase. The variable gain amplifier VGA 5 
has an input 14 for receiving the input signal I_A, an output 02, a first control input C2^ the 
output 02 being coupled to the input of the communication system 1, said VGA 5 being 
^ conceived to transmit a signal through the output 02 representing an amplification of the 
input signal I_A under the control of the second control signal C_Ph. Under these 

20 circumstances the arrangement 400 has an improved linearity when polar indicator 4 is used. 

When an improvement of the efticiency is desired the arrangement 400 
comprises the communication system 1 coupled to the Variable Gain Amplifier (VGA) 5. Let 
us consider that the input signal Input is characterized by a first power and the output signal 
P_S is characterized by a second power. The arrangement 400 finther comprises a power 

25 indicator 6. The said power indicator comprises a third input P4 for receiving the input signal 
I_A, a fourth input P5 for receiving the output signal 0_S. The power indicator 6 generates a 
third control signal C_P tiuough a second output P6. The third signal CJP is proportional to a 
difference between the first power and the second power. The VGA 5 has a third control 
input C3 and is conceived to transmit a signal through the output 02 representing an 

3 0 amplification of the input signal I_A undear the confaol of the third conteol signal C_P. The 
gain of the VGA 5 is controlled in such a manner that the difference between the first power 
and a part of the second power has a minimum level. Ideally, this difference is substantially 
zero and the arrangement is 1 00% efiadent. Practically the difference depends on the power 
level of the signals and the power indicator 6 controls the VGA 5 in such a marmer the 
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effidcocy is as close as possible 100%. As a matter of consequence flie efficiency of the 
rrangement 400 comprising the power indicator 6 is injpioved. It is relatively easy for a 
person skilled in the art to couple the above-mentioned techniques in order to improve both 
the efficiency and the linearity of tiie arrangement as it is presented in Figure 7. 

It is lemaiked that the scope of protection of the invention is not restricted to 
ihe embodiments described herein. Neither is Ihe scope of protection of the invention 
restricted by the reference numerals in the claims. The word 'comprising' does not exclude 
other parts than those mentioned in a claim. The word 'a<ny precedihg an element does not 
exclude a pliirality of those elements. Means forming part of the invention may both be 
implemented in the foam of dedicated haidvrare or in the form of a i)n>grammed graeral- 
purpose processor. The invention resides in each new feature or combination of features. 
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1 . A communication system (1) comprising a power amplifier (10) for 
amplifying an input signal (In_S) and emitting an amplified signal (O S), tiie communication 
system (1) further comprising a detector (20) and a Bias Generator (BG) (30), the 
conmiunication system (1) being characterized in that 

S - the detector (20) comprises a controlled amplifying means for generatmg 

an oiitput signal (Th S) said output signal being indicative for the power of the input signal 
(InS), the output signal (Th_S) having a controllable bias level, 

the BG (30) comprises a Level Sensitive Current Generator (LSCG) (301) 
for generating a current (Cc) controlled by the output signal (Th_S), the controllable 

10 threshold level of said signal being adaptable to the LSCG (301), said LSCG (301) having a 
threshold level (TL) such that when the signal (Th_S) is lower than the threshold level (TL) 
the current (Cc) is substantially zero, otherwise the current (Cc) being linearly controlled by 
the signal (Th_S), 

the BG (30) further comprises an adapter (302) coupled to the LSCG (301) 
15 comprising a current controlled adaptii^ means for generating a control signal (C__S) for 
controlling a property of the amplifier, the control signal (C_S) having a controllable linear 
dependency on the current (Cc). 

2. A communication system (1) as claimed in Claim 1 wherein the controlled 
20 amplifier means (201 ) of the detector (20) further comprises an amplifier (Tl, T2, T5, T6) 

coupled to a low-pass filter for amplifying the input signal (In_S) m. a controllable maimer 
and transnutting the output signal (Th_S). 

3. A communication system (1) as claimed in Claim 1 wherein the output signal 
25 (Th_S) is substantially a direct current (DC) signal. 

4. A communication system (1) as claimed in Claim 2 wherein the low-pass filter 
comprises a plurality of resistors and capacitors. 
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5. A communication system (1) as claimed in Claim 1 v^oiein the control signal 
(C_S) is a vector of signals. 

6. A communication system (1) as claimed in Claim 5 wherein flie power 
amplifier (10) comprises a plurality of stages coupled in cascade, each stage being controlled 
by a component of the control signal (C_S). 

7. An emittiiig system comprising a plurality of commilmicatioQ systems (1) as 
claimed in Claun 1 coupled in series. 

8. An airangement (400) comprising a communication system (1) as claimed in 
Claim 1 coupled to a Variable Gain Amplifier (VGA), the arrangement (400) further 
comprising 

an iiq)ut (I_A) for receiving an input signal (Input) liaving a first phase and a 
first amplitude and an output (Out_A) for transmitting an ou^ut signal (P_S) having a second 
phase and a second an^litude, 

a polar indicator (4) having a first receiving input (PI) coupled to the input 
(I_A) and a second receiving iiiput (P2) coitpled to the output (Out^A) for g^eraling a 
second control signal (C_Ph) to be transmitted throu^ a first transmitting output (P3), the 
second control signal (C_Ph) being indicative for a phase difference between fiie first phase 
and the second phase, 

the variable gain amplifier (VGA) (5) havmg an inptrt (14) for receiving the 
input signal (Input), an output (02), a first control input (C2) for receiving the second control 
signal (C_Ph), tiie output (02) being coupled to the input of the communication system (1), 
said VGA (5) being conceived to transmit a signal through the output (02) representing an 
amplification of the input signal (I_A) under the control of the second control signal (C_Ph). 

9. An arrangement (400) comprising a conununication system (1) as claimed in 
Claim i coupled to a Variable Gain Amplifier (VGA), the arrangement (500) further 
con^sing 

an input (I_A) for receiving an input signal (Input) having a first phase and a 
first power and an output (Out_A) for transmitting an output signal (P_S) having a second 
phase and a second power, 
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a power indicatcjr (6) comprising a third receiving input (P^ 
input signal (I_A), a fourth receiving input (P5) for receiving the output signal (P_S) for 
generating a third control signal (C_P) through a second transmitting output (P6), the third 
control signal (C_P) being substantially proportional to a power difference between the first 
5 power and a part of the second power, 

a variable gain amplifier (VGA) (S) having an input (14) for receiving the 
input signal (I_A), an output (02) and a third control input (C3) for receiving the third 
control signal (C_P), the output (02) being coupled to the input of the conununication system 
(1), said VGA (5) being conceived to transmit a signal through the output (02) representing 
10 an amplification of the input signal (I_A) under the control of the third control signal (C_P). 
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